ABSTRACT The main objective of the present study was to determine the minimum level of dietary plant oil supplementation that results in full recovery from loss of hatchability induced by conjugated linoleic acid (CLA). Another objective was to define the changes in egg yolk fatty acid composition associated with the loss and recovery of hatchability. Shaver hens were assigned to groups of 8 and were fed a diet containing either no CLA plus 0.5% soybean oil (control) or 0.5% CLA (1:1 mixture of cis-9, trans-11 and trans-10, cis-12 CLA) plus 0, 2, 4, 6, or 8% soybean oil for 15 d. Supplementation with CLA (CLA plus 0% soybean oil) resulted in complete loss of hatchability of fertile eggs. Hatchability was progressively improved by increasing doses of soybean oil, and full recovery of hatchability compared with the control levels was
INTRODUCTION
A large number of positional and geometric isomers of conjugated linoleic acid (CLA) have been synthesized chemically (from positions 6,8 to 13,15 C18:2), and many of these isomers have been detected in ruminant lipids (Delmonte et al., 2004) . However, only 2 CLA isomers, cis 12 CLA) , are known to possess biological activity including suppression of chemically induced tumors and modulation of essential fatty acid metabolism (Banni et al., 1999 (Banni et al., , 2003 . Inhibition of lipogenesis in adipocytes and mammary cells is attributable to the 10,12 CLA isomer alone (Park et al., 1999; Baumgard et al., 2000) . This isomer also inhibits ∆-9 desaturase activity in a number of tissues (Pariza et al., 2003) and reduces tissue expression of practically all lipogenic enzymes in the mammary gland (Baumgard et al., 2002; Peterson et al., 2004) . The effect of 10,12 CLA on lipid metabolism depends on the dose, and the tissue sensitivity to CLA varies depending on the target tissue 712 achieved at 6% soybean oil. There was no further improvement in hatchability when 8% soybean oil was added to the CLA-supplemented diet. Loss of hatchability was associated with a 2-to 3-fold decrease in desaturase ratios (cis-9 C16:1/C16:0 and cis-9 C18:1/C18:0) in the egg yolk total lipids, indicating marked inhibition of ∆-9 desaturase in the chicken liver. In addition, the concentration of arachidonic acid was observed to decrease. Recovery of hatchability was associated with an increased proportion of linoleic acid and linolenic acid in the egg yolk. However, there was no change in desaturase ratios, suggesting that ∆-9 desaturase inhibition persisted. Increased incorporation of dietary linoleic and linolenic acids might have compensated for the reduced levels of palmitoleic and oleic acid, thus allowing for the improvement in hatchability. (Banni et al., 1999; Bauman et al., 2003) . Furthermore, the effect of CLA on essential fatty metabolism and lipid deposition in various tissues can be modulated by dietary fatty acids (Yamasaki et al., 2003; Banni et al., 2004) .
Because of the potential beneficial effects of dietary CLA, several studies have attempted to produce CLAenriched foods by feeding production animals with CLA preparations. Feeding CLA reduces fat deposition in pigs and reduces milk fat in dairy cows with minimal transfer of CLA into the product and minimal effects on product quality Parrish et al., 2003) . In contrast, feeding CLA to laying hens results in efficient transfer of CLA into egg yolk and pronounced negative effects on the quality of refrigerated eggs (Ahn et al., 1999; Aydin et al., 2001) . In addition, feeding CLA to breeder hens and quails results in complete loss of hatchability of fertile eggs (Aydin et al., 2001; Aydin and Cook, 2004) . Loss of hatchability in these studies was associated with increased content of saturated fatty acids (SFA; C16:0 and C18:0) and reduced content of monounsaturated fatty acids (MUFA; cis-9 C16:1 and cis-9 C18:1) in egg yolk total lipids, which is consistent with the inhibition of ∆-9 desaturase in the hen liver. Classic studies have demonstrated that supplementation of breeder hen diets with cyclopropenoid fatty acids (e.g., sterculic and malvalic acid) decreases the ratio of monounsaturated to SFA in Contained 2 major isomers in methyl ester form (cis-9, trans-11 CLA and trans-10, cis-12 CLA) in approximately 1:1 ratio; the material was supplied by BASF AG (Ludwigshafen, Germany); CLA content of the material was 63.5%. egg yolk and results in complete loss of hatchability (Phelps et al., 1965) . Thus, it is conceivable that the observed effect of CLA on chicken egg hatchability is mediated through the inhibition of ∆-9 desaturase activity in the chicken liver and is attributable to the 10,12 CLA isomer. Latour et al. (2000) did not observe any effect of CLA on hatchability of eggs when 1 g of CLA was fed every other day, and Cherian et al. (2005) observed a 50% reduction in hatchability when diets containing 2.5 or 2.0% corn oil were supplemented with 0.5 or 1.0% CLA. Previous studies have demonstrated that the effect of CLA on egg hatchability is influenced by the amount of CLA fed (Aydin and Cook, 2004) , and the hatchability can be fully restored by supplementing the CLA diet with 10% olive oil (Aydin et al., 2001) . The objective of the current study was to supplement diets with a dose of CLA that results in complete loss of hatchability in chicken eggs and then determine the minimum level of dietary plant oil supplementation that results in full recovery of hatchability. Values are means (n = 8).
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Orthogonal contrasts: C1 = control vs. CLA; C2 = 0% oil vs. added oil; C3 = low-oil supplement vs. highoil supplement. Statistical significance is indicated by the asterisks, and borderline significance is indicated numerically. NS = P > 0.10; *P < 0.05; **P < 0.01; ***P < 0.001.
Another objective of the current study was to define the changes in egg yolk fatty acid composition associated with the loss and recovery of hatchability.
MATERIALS AND METHODS

Diets and Birds
All procedures in this study involving animals were approved by the University of Helsinki Animal Use Committee. The study was run as 2 consecutive experiments (Experiments 1 and 2) with control [0% CLA (BASF AG, Ludwigshafen, Germany) + 0.5% soybean oil (Mildola, Kirkkonummi, Finland) added to the diet; wt/wt] and negative control treatments (0.5% CLA + 0% soybean oil added to the diet, wt/wt) duplicated. Soybean oil was added at graded levels to diets (wt/wt) containing CLA (0.5%), and the levels were 2 and 4% in Experiment 1 and 6 and 8% in Experiment 2 (Table 1) .
The diets were formulated according to the nutrient requirements established for laying hens in Finland (Tuori et al., 1996) and were mixed every other day (Table  1) . Diets used in Experiment 1 were formulated to have comparable protein:energy ratios (14.0 g of CP/MJ of ME) to allow for equal protein intakes given potential decreases in feed intake as the energy content of the diet increased because of oil supplementation. Inclusion level of CLA was also adjusted according to the energy content of the diets (Table 1) . Oil supplementation did not decrease feed intakes as anticipated in Experiment 1; therefore, diets used in Experiment 2 were fixed to the same CP content as the 4% oil diet in the previous study (157 g/kg), and protein:energy ratios were allowed to decrease because of the increasing level of soybean oil (Table 1) . Inclusion of CLA was also fixed to the same level as was used for the 4% oil diet in Experiment 1 (Table 1) .
Thirty-five-and 26-wk-old Shaver hens were used in Experiments 1 and 2, respectively. Hens were purchased from a commercial breeder, randomly distributed into 4 groups of 8 hens within each experiment, and maintained in individual laying cages exposed to 16L:8D. Hens were fed the experimental diets at a level that resulted in approximately 10% refusals for 15 d and were given free access to drinking water. Six roosters were housed individually and were fed the control diet. Approximately 0.05 mL of pooled semen, freshly collected from the roosters and diluted in Ringer's acetate buffer (∼1:5), was used to inseminate the hens after the experimental diets had been fed for 7 d. Insemination was repeated after 3 d (d 10) to ensure a high level of fertility.
Experimental Procedures
First eggs for incubation were collected 1 d after the second insemination (d 11). Eggs collected for incubation were cooled to room temperature before being stored at a temperature of 15 to 16°C and a relative humidity of 65 to 70%. The storage time for incubated eggs varied Values are means (n = 5); eggs were stored at 16°C for 12 wk. Orthogonal contrasts: C1 = control vs. CLA; C2 = 0% oil vs. added oil; C3 = low-oil supplement vs. highoil supplement. (e.g., presence of the blood ring). In a case where an egg was identified to contain a dead embryo, the egg was removed from the incubator and cracked to confirm initial identification of the mortality. In cases of any uncertainty, the egg was kept in the incubator until the next candling. At this point, the time of embryo mortality was confirmed by comparing the embryo to normally developed 7-and Table 5 . Effect of diets containing conjugated linoleic acid (CLA; CLA-60, BASF AG, Ludwigshafen, Germany) and graded levels of soybean oil on fatty acid composition of egg yolk total lipids (% of fatty acid methyl esters) Values are means for Experiment 1 (n = 3) and Experiment 2 (n = 5).
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Orthogonal contrasts: C1 = control vs. CLA; C2 = 0% oil vs. added oil; C3 = low-oil supplement vs. highoil supplement.
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Statistical significance is indicated by the asterisks, and borderline significance is indicated numerically. NS = P > 0.10; *P < 0.05; **P < 0.01; ***P < 0.001.
14-d embryos. Hatchability and embryonic mortality were computed as a percentage of total fertile eggs set for incubation from each treatment.
After the eggs had been collected for incubation, 3 additional eggs per treatment in Experiment 1 and 5 eggs per treatment in Experiment 2, which were produced toward the end of the experimental period (d 9 to 15), were randomly selected among the remaining eggs. Yolks were separated and stored at −80°C until analysis of fatty acid composition. Remaining eggs that were produced during the second week of experiment (d 9 to 15) were stored for 12 wk at 15 to 16°C for determination of egg component weights and pH. During Experiment 2, temperature in the storage space decreased for periods of time to as low as 10°C. Possible consequences of the lower storage temperature are discussed in the following sections. For egg component weights and pH measurements, 5 eggs per treatment were randomly selected from eggs stored at 15 to 16°C for 12 wk. Eggs were carefully cracked, and the yolk and albumen portions were separated using an egg separator. The albumen and yolks were weighed separately, and pH was determined by KNICK 761 pH meter (Knick Electronische Messgerate GmbH & Co., Berlin, Germany) after diluting the sample with 9 vol of deionized distilled water.
Fatty Acid Analysis of Egg Yolk Total Lipids
Total lipids of egg yolk were extracted from fresh eggs using methanol:chloroform:water solvent system (Bligh and Dyer, 1959) . Lipid extracts were evaporated to dryness at 60°C under nitrogen for 1 h. Samples were dissolved in hexane and methyl acetate and transesterified to fatty acid methyl esters using freshly prepared methanolic sodium methoxide according to Christie (1982) . The mixture was neutralized with oxalic acid (1 g of oxalic acid in hexane), centrifuged, and dried using calcium chloride. The fatty acid methyl esters were separated and quantified using a Hewlett-Packard 5890 gas chromatograph (Wilmington, DE) equipped with a flame-ionization detector, automatic injector, split injection port, and a 100-m CP-Sil 88 fused silica capillary column (i.d. = 0.25 mm; Chrompack, Middelburg, The Netherlands) coated with a 0.2-m film of cyanopropyl polysiloxane. Helium was used as the carrier gas. Injector and detector temperatures were maintained at 240 and 260°C, respectively, and the sample (1 L) was injected using a split ratio of 1:50. Column temperature was maintained at 70°C for 12 min, increased to 130°C at a rate of 45°C/min, increased to 200°C at a rate of 1°C/min, and finally increased to 220°C at a rate of 2°C/min and held there for 10 min.
Statistical Analyses
Statistical analysis of performance, egg characteristics, and fatty acid data was conducted by ANOVA using the GLM procedure of SAS (SAS Institute, 1994) . Treatment means within each experiment were compared using preplanned orthogonal contrasts (see Table 3 , 5, 6 and 7 for details). Chicken egg hatchability data were analyzed across the 2 experiments using multiple ordinal logistic regression (JMP Version 5.1.2; SAS Institute, 2002). The model used contained the following factors and covariates: experiment, CLA supplement, plant oil dose, plant oil × plant oil quadratic term, and experiment × plant oil dose interaction. Statistical analysis revealed no indication of lack of fit of this model and no indication of an effect of the experiment as a main effect or as an interaction term with oil dose. This homogeneity between the experiments justified the meta-analysis across the 2 experiments and examination of the effect of plant oil dose across the range of oil additions (from 2 to 8% of diet). Pairwise χ 2 -tests for individual differences between overall proportions hatched for treatment groups within experiments were conducted to further describe the treatment effects.
RESULTS
Hatchability of Eggs
Fertility of the eggs set for incubation was 100% for all groups except for the 4% oil group in Experiment 1 (91%) and for the control and 0% oil group in Experiment 2 (97 and 88%, respectively). The negative control treatment (0.5% CLA + 0% soybean oil) resulted in complete loss of hatchability of fertile eggs in both experiments. Hatchability was progressively improved by increasing doses of soybean oil; a full recovery of hatchability compared with the control levels was achieved with the 6% soybean oil diet. There was no further improvement in hatchability when 8% soybean oil was added to the CLA-supplemented diet (Table 2) .
Characteristic of CLA-induced loss of hatchability in this study was the early occurrence of the embryonic mortalities. The bulk of the CLA-induced embryonic mortalities occurred during the first week of incubation, 93.8 and 71.4% in Experiments 1 and 2, respectively ( Figure  1 ). The addition of 2% soybean oil to the diet reduced and shifted the peak of embryo mortalities to the second week of incubation. A further increase in the level of soybean oil supplementation (4%) reduced the second week mortalities and, consequently, produced a marked improvement in overall hatchability. There was no clear pattern in weekly mortalities in eggs from hens fed the control, 6% oil, and 8% oil diets.
Performance Characteristics of the Laying Hens
Addition of oil increased the energy density of the diet, but this did not decrease the feed intakes of the chicken in Experiment 1 as anticipated. In fact, intakes increased slightly, thus increasing energy and protein intakes (Table  3) . In Experiment 2, energy and protein intakes were similar across the treatments. Intake of CLA reached the targeted levels, ranging from 0.51 to 0.56 g/d. Estimated intakes of linoleic acid were marginal with regard to requirements (Tuori et al., 1996) when the CLA + 0% oil diet was fed and increased with soybean oil supplementation. Hen-day production was slightly lower in Experiment 1, but was still within the normal range observed for chickens at this age and in similar management conditions.
Egg Characteristics
Conjugated linoleic acid and oil supplementation did not influence whole egg weight or the component weights in eggs stored for 12 wk (Table 4) . Supplementation of CLA resulted in a slight increase in yolk pH in Experiment 1 and resulted in a pronounced increase in yolk pH and a reduction in albumen pH in Experiment 2.
Fatty Acid Composition of Egg Yolk Lipids
Dietary supplementation with CLA increased the concentration of SFA and decreased the concentration of MUFA in the egg yolk. Consistent with the inhibition of ∆-9 desaturase, the ratios of fatty acid pairs dependent on this enzyme were altered. Egg yolk lipid ratios of cis-9 16:1 to C16:0 (C16:1/C16:0) and cis-9 18:1 to 18:0 (C18:1/ C18:0) were decreased 2-to 3-fold by treatments including CLA (Table 5) .
Addition of graded levels of soybean oil partially restored the SFA concentrations compared with levels in the control group, but there was minimal effect on oleic acid. Soybean oil reduced palmitoleic acid and stearic acid in Experiment 2. As a result, the C16:1/C16:0 ratio decreased, and the C18:1/C18:0 ratio increased slightly. Increasing levels of soybean oil resulted in progressive increases in linoleic acid content in the egg yolk. Conjugated linoleic acid reduced the concentration of arachidonic acid only in Experiment 2, and soybean oil supplementation partly restored the levels. Concentration of 9,11 CLA was always higher than the concentration of 10,12 CLA. Concentration of 10,12 CLA was greater in Experiment 2 compared with the levels in Experiment 1 (0.96 vs. 0.61% of total fatty acids, respectively). Thus, it appears that the transfer of CLA to egg yolk might have been slightly higher in Experiment 2 compared with Experiment 1.
DISCUSSION
There has been interest in increasing the concentration of CLA in eggs by supplementing layer hen diets with CLA. However, this strategy has not been successful because of CLA-induced negative effects on the quality of eggs characterized by pink discoloration and hard puttylike consistency of egg yolks (Ahn et al., 1999; Aydin et al., 2001) . Furthermore, feeding CLA to breeder hens and quails results in complete loss of hatchability of fertile eggs (Aydin et al., 2001; Aydin and Cook, 2004) . Loss of hatchability induced by CLA has raised questions about the use of CLA in breeder animal feeding in general and also about the use of CLA as a dietary supplement in humans (Cherian et al., 2005) .
The effect of CLA on chicken and quail egg hatchability was associated with changes in fatty acid composition of egg yolk total lipids characterized by increased concentrations of SFA and decreased concentrations of MUFA (Aydin et al., 2001; Aydin and Cook, 2004; Cherian et al., 2005) . A decreased MUFA:SFA ratio in the egg yolk is consistent with inhibition of ∆-9 desaturase and is associated with the 10,12 CLA isomer (Lee et al., 1998) present in the mixtures of CLA supplied to hens and quails. Classic studies in laying hens involving diets containing cyclopropenoid fatty acids have demonstrated similar effects on egg quality and hatchability as observed in studies involving CLA supplementation (Phelps et al., 1965) . Two cyclopropenoid fatty acids, sterculic acid [8-(2-octyl-1-cyclopropenyl) octanoic acid] and malvalic acid [7-(2-octyl-1-cyclopropenyl) heptanoic acid], are very specific and highly potent inhibitors of ∆-9 desaturase (Jeffcoat and Pollard, 1977) .
The effect of CLA on hatchability is dependent on the dose of CLA in the diet (Latour et al., 2000; Aydin and Cook, 2004) . Also, the presence of other fatty acids in the diet will modulate the effect of CLA on hatchability (Aydin et al., 2001; Cherian et al., 2005) . To further describe the effect of dietary fatty acids on CLA-induced loss of hatchability, the current study supplied a dose of CLA sufficient to induce complete loss of hatchability and graded levels of soybean oil to determine the minimum level of dietary plant oil supplementation that results in full recovery of hatchability. The current study was also designed to examine the putative role of desaturase inhibition in hatchability loss based on changes in egg yolk fatty acid composition.
Feeding of the control diet was associated with an overall 82.1 and 77.4% hatchability in Experiments 1 and 2, respectively. Supplementing the diet with 0.5% CLA (negative control treatment) resulted in 100% loss of hatchability in both experiments, which is consistent with the response observed by Aydin et al. (2001) . Thus, the dose was sufficient to induce complete loss of hatchability without having any negative effects on feed intake or egg production, consistent with previous observations involving use of similar levels of CLA supplementation (Raes et al., 2002; Szymczyk and Pisulewski, 2003; Alvarez et al., 2004) .
Dietary supply of fatty acids and changes in fatty acid composition of egg yolk can affect embryonic development and hatchability (Wilson, 1997) . Tullett (1990) surveyed fatty acid composition of egg yolks sampled from breeder farms and established that hatchability was adversely affected when stearic acid represented >12% of total fatty acids in the yolk and oleic acid represented <40% of total fatty acids in the yolk and when the oleic:stearic acid ratio fell below 4.0. Tullett (1990) also described hatchability problems occurring in the field with diets containing cottonseed and kapok seed meal as ingredients or contaminants. These oil seed meals contain cyclopropenoid fatty acids that inhibit the activity of ∆-9 desaturase in the chicken liver (Allen et al., 1967) .
Addition of soybean oil to the diet had a clear dose effect on CLA-induced loss of hatchability. The addition of 2% of soybean oil resulted only in a minor improvement in hatchability, 4% soybean oil resulted in partial recovery of hatchability (60% of the control level), and 6% soybean oil restored the hatchability to the level observed for controls. There was no further improvement when 8% soybean oil was added. Statistical analysis confirmed homogeneity between the 2 experiments and, therefore, justified the metaanalysis across the experiments and examination of the effect of plant oil dose across the range of oil additions (from 0 to 8% of diet). Finding partial recovery of hatchability at the 4% level of soybean oil is consistent with the 50% reduction of hatchability observed in the study by Cherian et al. (2005) , where the diets were supplemented with 0.5% CLA and 2.5% corn oil. Types of CLA materials used in different studies may vary in terms of 10,12 CLA content; thus, CLA dose and plant oil dose relationships may not be directly comparable. Also, different plant oils (olive oil, corn oil, and soybean oil) have been used in different studies; therefore, any influence of specific fatty acids, e.g., oleic vs. linoleic acid, cannot be concluded at the present time.
The effect of CLA supplementation on egg yolk fatty acid composition has been described in a number of studies involving dietary supplementation with CLA (Aydin et al,. 2001; Cherian et al., 2002; Raes et al., 2002; Szymczyk and Pisulewski, 2003; Alvarez et al., 2004) . In summary, dietary supplementation with CLA results in an increase in the proportion of SFA, a decrease in the proportion of MUFA, a slight shift from stearic acid to palmitic acid, and a decrease in arachidonic acid content in egg yolk. Observed changes in the current study (Table 5) are well in line with these changes.
A clear dose-dependent effect of soybean oil on CLAinduced loss of hatchability justifies the second objective of the current study, which was to examine the changes in egg yolk fatty acid composition associated with the recovery of hatchability. Fatty acid composition data in the current study (Table 5 ) and previous studies involving CLA-induced loss of hatchability in chicken and Japanese quail (Aydin et al., 2001; Aydin and Cook, 2004; Cherian et al., 2005) are highly comparable with respect to decreases in C16:1/C16:0 and C18:1/C18:0 ratios. These fatty acid ratios are easily measured and can be used as a proxy of ∆-9 desaturase activity . Interestingly, the ratios between MUFA and SFA were not restored when diets were supplemented with increasing levels of soybean oil, suggesting that 10,12 CLA-induced inhibition of ∆-9 desaturase persisted. Dietary supplementation with soybean oil increased the level of linoleic acid in the yolk and decreased the level of palmitic acid, which might have compensated for the CLA-induced increase in the level of egg yolk lipid saturation. Aydin and Cook (2004) proposed that the CLA-induced increase in SFA content in the egg yolk might interfere with the absorption of egg yolk fatty acids by the embryo. Reduced body fat in hatched chicks from hens supplemented with CLA (Cherian et al., 2005) tends to support this proposed mechanism. Low hatchability in young broiler breeders has been associated with reduced mobilization of yolk lipids by the embryo, fat profile of the diet, and presence of feed ingredients containing cyclopropenoid fatty acids (Noble et al., 1984; Noble and Tullett, 1989; Tullett, 1990 ). The actual mechanism by which increased SFA content interferes with the absorption of yolk fatty acids is not known.
In the current study, the bulk of the mortalities in the CLA + 0% oil group occurred during the first week of incubation (Figure 1) , which is consistent with data involving dietary supplementation with cyclopropenoid fatty acids (Phelps et al., 1965; Tullett, 1990) . Changes in chicken egg quality during refrigerated storage, i.e., pink discoloration of albumen and hard, putty-like consistency of the yolk because of CLA supplementation (Ahn et al., 1999; Aydin et al., 2001) are also in common with observations involving dietary supplementation with cyclopropenoid fatty acids present in feedstuffs such as cottonseed and kapok meal (Phelps et al., 1965; Tullett, 1990) . These similarities in biological responses between CLA and cyclopropenoid fatty acids suggest a common mechanism involving ∆-9 desaturase inhibition. Changes in fatty acid composition in egg yolks from CLA-fed quails and chicken further point to the effect of CLA on hatchability being attributable to 10,12 CLA.
In addition to ∆-9 desaturase inhibition, several other CLA-induced changes in lipid metabolism have been described for mammalian tissues and cells. Dietary CLA results in downregulation of a number of lipogenic enzymes in the bovine mammary gland including glycerol phosphate acyltransferase (Baumgard et al., 2002) , decreased activity of intestinal acyl CoA:cholesterol acyltransferase in hamsters (Yeung et al., 2000) , and reduced apolipoprotein B secretion in hepatocytes (Yotsumoto et al., 1999) . Glycerol phosphate acyltransferase, acyl CoA:cholesterol acyltransferase, and apolipoprotein B are examples of essential components of the lipogenic process expressed in the yolk sac membrane, components that are involved in the transport of lipids from the yolk to the developing embryo (Murray et al., 1999; Powell et al., 2004) . Effect of 10,12 CLA and other ∆-9 desaturase inhibitors on specific mechanisms of fatty acid esterification and transport in the yolk sac membrane should be examined in future studies.
Concerns that dietary CLA might influence the reproductive process in mammals (Cherian et al., 2005) are certainly warranted. Unfortunately, there are only very few published studies in this area. The effect of cyclopropenoid fatty acids was examined in mice fed graded levels of pure sterculic acid up to 200 mg/kg of BW (Braden and Shenstone, 1958 reviewed by Phelps et al., 1965) . The results showed no apparent effect on fertility and mean litter size compared with controls. Consistent with this, dietary supplementation of rat dams with CLA (up to 972 mg/kg of BW) during growth and pregnancy had no effect on number of pups born alive (Ringseis et al., 2004) . This lack of effect of ∆-9 desaturase inhibitors on reproductive outcome in mammals suggests distinct differences in the reproductive process between mammals and avian species with respect to the maintenance of embryo development. Data of Bernal-Santos et al. (2003) clearly demonstrate that CLA had no adverse effects on the initial events of the reproductive process in dairy cows. The number of cows was too limited in this study for proper evaluation of reproductive performance, but it is important to note that the studies by Medeiros et al. (2000) and Castañ eda-Gutiérrez et al. (2005) are consistent, showing a tendency for improved reproductive performance when cows are supplemented with CLA.
